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Abstract  
The infiltration capacity is a decisive factor to ensure the effective operation of groundwater reservoir. This study 
analysis the infiltration capacity variation and its factors based on the data of infiltration test in Hutuo River 
Groundwater Reservoir. The results show that, there is a high infiltration rate in the alternative field, the infiltration 
rate is 3m/d, and decreased by 50% as 1.4m/d 6 days later; the contrast of soil permeability, vertical permeable rate 
of aerial zone, permeability of saturation zone between pre-test and post-test show that, the vertical permeable rate of 
aerial zone and permeability of saturation zone vary little, the descend of soil permeability is the main factor of the 
infiltration capacity decay. 
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1.   Introduction 
As a safe, reliable, convenient and effective storage methods, groundwater reservoir could be used 
for the regional groundwater environmental remediation, and mitigate the groundwater level cone of 
depression, which is caused by long term groundwater over-exploitation, and other environmental 
geological problems, such as ground subsidence[1~3]. Water resources, field infiltration capacity, storage 
capacity and management would be the problems should be solved for the effective running of 
groundwater reservoir, especially for the infiltration capacity of alternative field, which decide the 
transport and fate of infiltrated water [4]. Hydrological parameters have scale-effect, the parameters from 
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traditional infiltration test with a single-annulus or dual-annulus could not meet the groundwater reservoir 
design, and a field infiltration test should be taken out to address the scale-effect [5]. 
Shijiazhuang City is typical water-shortage area in North China [6], and the South to North Water 
Transfer Project provide a fundamentally assurance for the water resource shortage solutions in 
Shijiazhuang City. However, the amount of transferred water is much higher than the gap between the 
water supplement and demand, and a roadmap to use the transfer water as water resource, the dewatering 
aquifer as water storage space had been gradually established, and its feasibility has been fully 
demonstrated [7]. 
In order to make a well understand of the infiltration capacity in the alternative infiltration field, 
master the water infiltration law through the unsaturated zone, the relevant department had taken a field 
infiltration test at the river bed along the alternative infiltration field during August 20, 2009 and 
September 4, 2009. In this study, considering the infiltration field characteristics, the infiltration capacity 
should be evaluated based on observation data of surface water flux, and which could be used for the 
construction and management of Hutuo River Groundwater Reservoir.  
2.  Study area and methodology 
2.1 .  Infiltration test 
The alternative infiltration field has been chosen as the river bed of Hutuo River nearby Tayuan 
Village, and the infiltration test has been taken during the period between August 20, 2009 and 
September 4, 2009, lasting for 17 days. The accumulative amount of surplus water from upstream surface 
reservoir named Huangbizhuang Reservoir is 1800×104m3, and the amount of water has been used for the 
infiltration test is 1450×104m3, there are about 350×104m3 lost along the transferring channels. There is 
about 1150×104m3 water being infiltrated into underground aquifer through the northern part of 
infiltration field during August 20, 2009 and August 30, 2009, and there is about 300×104m3 water being 
infiltrated into underground aquifer through the southern part of infiltration field during August 30, 2009 
and September 4, 2009. In order to obtain the infiltration capability in different infiltration sections, 5 
monitoring sections have been sited along the infiltration field. Several flow velocity instruments have 
been used to measure the flow velocity at different location, which are used for the infiltration rates 
calculation.  
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Fig.1 Locations of monitoring sections 
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2.2   Infiltration rate calculation 
The infiltration rate of infiltration field could be calculated by a method based on the flow velocity 
measurements of monitoring sections, the sketch map of the calculation have been showed as figure 2, 
which means that, the infiltration water quantity could be calculated by the difference between inflow 
velocities and outflow velocities at different location with different depth, and the infiltration rate could 
be calculated by following equation: 
V=ΰQ1-Q2α/A 
where as ,V means infiltration rate of river bed, m/dΙQ1 means inflow water quantity per dayΔm3/dΙ
Q2 refers to outflow water quantity per day,m3/dΙA means infiltration area, m2Ζ 
 
The quantity of water through monitoring sections could be calculated by the following equations: 
¦
 
 
n
i
iii LhVQ
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Where, Q means the flux through the monitoring sections, m3/dΙVi means the flow velocity measured 
by the instruments, m/dΔΙhi refers to the depth of measure location, mΙLi means the distance between 
adjacent measure locations mΙi=1ΞΞn, which means the number of measure locations. 
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Fig.3 Variation of infiltration capacity 
 
 
Fig.2 Sketch map of infiltration rate calculation 
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3. Results And Discussion 
3.1 Variation of infiltration rates 
According to the calculation results of infiltration capacity by the method being discussed above, the 
variation of infiltration rates between adjacent monitoring sections have been showing as figure 3. From 
the figure we can see that, the infiltration rates of different area have an identical decreasing trend, but 
with different ranges. The order of infiltration rates among different infiltration areas are: area 3-4> area 
2-3> area 1-2 > area 4-5 
(1) Infiltration Area 1-2 
This area locates at southern infiltration field, and the borehole data show that the successive clay 
layers are thicker than other areas. Although the gradient of water level is much higher, but constrain by 
the lithology of unsaturation zone, the infiltration rate variation around 1.3m/d. 
(2) Infiltration Area 2-3 
This area locates at southern infiltration field, and the borehole data show that the successive clay 
layers are thinner than area 1-2, and the infiltration field becomes long and narrow. The arise of surface 
water levels induce the gradient additions between surface water levels and groundwater levels, and the 
infiltration rates retain much higher ones. 
(3) Infiltration Area 3-4 
This infiltration area locates at northern infiltration field. The borehole data show that, the clay 
layers are discontinuous, the soil particles is much coarser than southern field, which induce high 
permeability, and because of the high flow speed from the infiltration area 2-3, This infiltration area has 
the highest infiltration rates.  
(4) Infiltration Area 4-5 
This infiltration area locates at the downstream of northern infiltration field, ascribe to the fine 
lithology and increasing cementation, the infiltration capacity decrease obviously, and borehole data 
show that, the local clay layers has low permeability, constrain the vertical infiltration rates, this area has 
lowest infiltration rates.  
(5) Average infiltration rates 
According to the calculation results, the infiltration field has high infiltration rate in the alternative 
field, the infiltration rate is 3m/d at the beginning of infiltration test, and decreased by 50% as 1.4m/d 6 
days later. 
According to the discussion above, the infiltration rate is concern with the lithology of soil and 
unsaturation zone, flow velocity of surface water. 
3.2  Infiltration rate factors analysis 
According to the prior studies[1], the infiltration capacity variation could be affected by three 
factors, such as the infiltration rate of soil, the vertical infiltration speed through unsaturation zone and 
permeability of aquifer, which are shown in figure 4. There are different decisive factors among three 
parameter, the infiltration rate of soil will be decided by lithology of river bed, the vertical infiltration 
speed through unsaturation zone will be decided by the permeability of layers with finest particles and 
minimum permeability, permeability of aquifer will be decided by the lithology of variable saturation 
zone, and the later two parameters ensure the dispersion of infiltrated water under infiltration field. 
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 (1) Infiltration rate of river bed 
According to the calculation results based on the observation data of infiltration test, the infiltration 
field has high infiltration rate in the alternative field, the infiltration rate is 3m/d, and decreased by 50% 
as 1.4m/d 6 days later. One of the factors would be the block of the soil pores with the suspended solids, 
which are carried by the transferring water from the Huangbizhuang Reservoir, combining with the 
additional dust precipitation along the transferring channels. The infiltration rate decreased ascribe to the 
block effect.  
In this infiltration test, 8 undisturbed soil samples have been taken at 4 sampling locations, which 
are showing in figure 1, 4 soil samples pre-test and 4 soil samples post-test at the same locations. The 
permeability tests have been taken respectively with 8 undisturbed soil samples, the results are shown in 
figure 5. From the figure we can see that, the permeability has a decreasing trend from upstream to 
downstream, and the field investigation results show that, the particle sizes of surface sand are minimized 
from upstream to downstream, the cementation degree increased from upstream to downstream, there are 
well accordance between the infiltration rate variation and lithology variation from upstream to 
downstream. 
From the figure we can see that, there are little changes of permeability of undisturbed soil samples, 
excluding the sample of S1, which sample location is nearby the entrance of infiltration field, and the 
water face is much wider than transferring channel, the flow speeds slow down and the suspended solids 
in transferring water begin to precipitation, the pore of surface sand could be blocked by them, and the 
permeability decreased as a result. The other three sample location is downstream, and the suspended 
solids minimized along the river, the surface sand erosion with water flow, there are little changes of 
permeability nearby the other 3 sample locations.  
(2) Vertical infiltration speed in unsaturated zone 
In order to obtain the vertical infiltration speed of water flow through the unsaturation zone, an 
automatic recording instrument ( DIVER) have been used in the observation well at the middle of river 
bed, the recording interval have been assigned as 5 minutes. Based on the observation data, the vertical 
infiltration speed could be calculated by following equation: 
V=D/(t2-t1) 
where, V means the vertical infiltration speed through unsaturation zone, m/d; D means the depth of 
groundwater levels, m; t1 refers to beginning time of surface water arrive the location of observation well, 
d; t2 refers to the response time of groundwater level, d. 
According to the observation data, the beginning time of surface water arrive the location of 
observation well is 22:45, August 20, 2009, and the groundwater level response time is 3:58 August 22, 
2009, the water infiltration from surface to groundwater level lasting 29 hours and 13 minutes, the depth 
of groundwater level is 40.36m, the vertical infiltration speed could be calculated by equation (2) as 
33.14m/d. 
Fig.4 Factors of infiltration capacity variation 
ΰCite from Huisman 1982Δeditedα 
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ΰ3αPermeability of saturated zone 
Several pumping tests have been taken to obtain the permeability of aquifer under infiltration field. 
According to prior study, the lithology of aquifer under infiltration field is coarse sand and gravels, 
locally fine sand, and the aquifer could be considered as a integral homogeneous aquifer. According to 
the observation data of pumping test, permeability of aquifer could be calculated by line-fitting method, 
and the results show that, the permeability is 174.66 m/d pre-test and 182.3m/d post-test, there is no 
obvious variation between them. 
As discussed above, the permeability of saturation zone between pre-test and post-test show that, the 
vertical permeable rate of aerial zone and permeability of saturation zone vary little, the descend of soil 
permeability is the main factor of the infiltration capacity decay. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusions 
The alternative infiltration field have a high infiltration rate, and it is 3m/d at the beginning of test, 
and decreased by 50% as 1.4m/d 6 days later; the contrast of soil permeability, vertical permeable rate of 
aerial zone, permeability of saturation zone between pre-test and post-test show that, the vertical 
permeable rate of aerial zone and permeability of saturation zone vary little, the descend of soil 
permeability is the main factor of the infiltration capacity decay. 
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Fig.5 Soil permeability variation in special locations 
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